T HE presence or absence of pigment in the seed coat of lima beans (Phaeseolus lunattis L.) is determined by a single locus (1). When only the recessive allele c is present at this basic color locus, no pigment is produced and the seed coat is white. In the presence of the dominant allele C, pigment is formed but the particular color of the pigment depends on genes at several other loci.
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Whether or not the seed coat is pigmented might be expected to have little relationship to adaptation. However, white seeded lima beans have been found to be strikingly inferior to colored seeded individuals under population conditions (2). The major reason for the poorer survival of the white genotypes became apparent during the development of an isogenic line in which heterozygosity was maintained at the basic color locus: white seeds within this line had considerably lower emergence under field conditions than colored seeds. This paper is concerned with the underlying causes of this difference and some of their genetic, evolutionary, and agronomic implications.
PROCEDURES AND RESULTS
The materials on which this study was based were derived from a single individual by 15 generations of self-fertilization. During this period heterozygosity was enforced at the basic color locus. Under such conditions a very high degree of isogenicity is expected except for a segment of chromosome approximately 3.6 crossover units long on either side of this locus (4).
The results of several comparisons between otherwise isogenic colored and white seeded individuals are summarized in Table 1 . During the germination tests reported in this table it was noted that white seeds germinated considerably faster than colored seeds. Some subsidiary studies established that, as long as the seed coat is intact, colored seeds take up and lose moisture at a much slower rate than white seeds. This suggests that the slower germination rate of the colored seeds is associated with lower permeability of their seed coats.
The seed damage studies reported in Table 1 compare samples of hand harvested seeds with seeds harvested with a standard bean thresheer. Seeds were classified as "externally injured" when the seed coat was broken or cracked. The most common type of seed coat imperfection, especially in the hand harvested seed, was the condition known as "fishmouth". This is a developmental deficiency in which the seed coat does not entirely enclose the cotyledons. Seeds which showed no external damage were moistened to facilitate removal of the seed coat and the embryo was checked for damage. This "internal damage" usually took the form of cracked or broken cotyledons.
When sections of the seed coat were examined microscopically, the individual layers of the seed coat were found to be uniformly thinner for white than for colored seeds. Cell size and shape were also different (e.g., see palisade cell measurements in Table 1 ). The difference in cell width indicates that white seed coats have fewer cells per unit area than colored seed coats.
Phloroglucinol-HCl provides a qualitative test for lignin (5). When sections of white seed coats were tested, only tracheary elements gave a positive lignin reaction. However, with colored seed coats, a positive response was obtained in the subepidermal layer as well. This test is colorimetric and hence is not effective in the heavily pigmented palisade layer of colored seeds.
The difference in lignin content was brought out most strikingly by quantitative analysis.
3 Lignin comprises about 15% of the total seed coat weight for colored seeds but only about 1% of the seed coat weight of white seeds. Quantitative analyses of lignin content were also made for a commercial variety as well as for white seeds from advanced generations of the populations mentioned in the introduction. The lignin content in each case was in the order of 1%.
DISCUSSION
The results indicate, both directly and indirectly, that white seed coats provide less protection to the embryo than colored seed coats. Since the function of lignin is primarily structural and protective, this suggests that the low lignin content of white seed coats is the basic cause of their high susceptibility to injury.
In recent years many of the steps have been identified in the biosynthetic pathway leading to the synthesis of lignins, pigments (flavonoids and anthocyanins), and certain other secondary growth substances (3, 6). This scheme, the shikimic acid pathway, is outlined in Figure 1 as it relates to the synthesis of pigments and lignins in the dicots (including certain legumes) which have thus far been investigated. The pattern of synthesis in grasses is similar but differs in certain details (7, 8) .
According to this scheme the synthesis of both lignins and pigments could be inhibited by a single block anywhere Published November, 1964
